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One of the great ideas introduced into medicine by Claude Bernet 
is that of homeostasis—that is of a mechanism in the living organism 
which maintains the internal environment at a level at which healthy 
life is possible. Our blood pressure, the rate of our pulse, the rate of 
our breathing, the action of our kidneys, are all determined by homeo- 
static mechanisms which generally function so well that we do not 
notice them and, when they fail to function, bring on acute disorders 
such as fever, dyspnoea, tachycardia, uraemia, and the like. 

A generation ago, it would have been difficult to find outside of the 
human body adequate analogues of these homeostatic mechanisms. 
One indeed was well-known, that of the governor in the steam-engine, 
and this special mechanism has been the theme of a classical paper by 
Clarke Maxwell in the 1860’s. But the fact that the steam-engine 
governor was but one of a multitude of mechanisms, which we now 
class as the feedback type, regulating not only the speed, but the 
position, or the temperature, or some other property of physical systems, 
had not come to general consciousness. In these feedback systems an 
error of performance is returned to the system as a partial basis of its 
future performance, and in this way swings up and swings down are 
corrected when they are begun, without waiting for them to take on 
large proportions. At present, one of the cheaper means for introducing 
such a correction and for performing the combinations which make it 
possible, is the use of the vacuum tube. 

Feedback mechanisms in general increase the uniformity of per- 
formance of a system whatever the load may be. Strictly speaking, 
this needs a severe qualification. If the load should be excessive and 
the amount of feedback demanded by the load also excessive, the feed- 
back mechanism will unstabilize performance rather than stabilize it. 
Such a system will embark on an ever wilder series of oscillations 
until it breaks down, or at any rate the fundamental laws of the per- 
formance change. 

In my book Cybernetics (John Wiley & Sons, The Technology Press, 
Hermann et Cie., 1948) I have given a parallel discussion of living and 
mechanical feedback mechanisms. I wish to call to the attention of 
the reader the existence of feedback mechanisms which contain both a 
living and mechanical part. There has been a recent invention! at the 
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Mayo Clinic of a mechanical anaesthetist, which regulates the depth 
of anaesthesia of an animal or a human by an injection device which 
injects barbiturates into the veins, or ether into the breathing mask, and 
the injection is measured in accordance with the depth of anaesthesia 
of the animal as made manifest through its electroencephalogram, which 
is directly interpreted into a mechanical basis for the injection. This 
principle is in the long run manifestly the right way to regulate anaes- 
thesia, and it amounts to an artificial chain of homeostasis combining 
elements in the body and elements outside. If the validity of this 
method of homeostasis be granted in the one case of anaesthesia, we 
may scarcely expect anaesthesia to be'the sum total of its usefulness. 
There are many conditions of great peril which are the result of a break- 
down of homeostasis. 

A very simple one, and also a very unusual one is that of curare 
poisoning. If there were a way for the degree of paralysis of the 
muscular endplate to be scanned for muscular performance, it would 
be an ideal thing to treat curare poisoning by a respirator whose in- 
tensity of action was regulated correctly by observing the paralysis of 
these endplates; or perhaps a better method would be to use an ap- 
paratus reading continuously the CQO: concentration in the blood. 
Again, the medication of the heart is notably difficult, and requires 
great skill and judgment. It may well be in the future that when the 
signs of an incipient coronary catastrophe are present, we may learn 
of some drug whose dosage may be determined by a properly designed 
mechanical reading of the electrocardiogram. 

Frankly, without stepping beyond the limitations of the layman 
in judging in what cases such a treatment is possible and in what cases 
it is not, I am very sanguine about the future possibilities of feedback- 
regulated therapy. 

Besides these vital phenomena of homeostasis, there are a consider- 
able number which belong to posture, and to the living phenomena of 
voluntary performance rather than to the maintenance of a livable 
internal environment. Your one-legged man finds that his artificial 
leg gives him less information concerning the state of his joints than he 
really needs to walk with the greatest freedom. I am not the only 
person who has suggested to various Government agencies that it is 
highly desirable to treat the problem of artificial limbs as essentially a 
problem of feedback, by attaching to the joints strain gauges, recording 
by vibrators on the normal skin of the amputee. But like my other 
colleagues who have maintained these ideas, I have not found my 
voice echoed in official quarters. I may be permitted to suspect that 
the misfortunes of the maimed constitute a sort of vested interest. 

Besides the importance of the feedback in motor deficiencies, sensory 
deficiencies also have an important feedback element. It is foolish to 
separate deafness as inability to hear, from dumbness as inability to 
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speak. Either or both constitute an inability to use sound waves as an 
effective two-sided tool of conversation. The deaf patient has no ade- 
quate way of monitoring his own voice, so that it shall accord with the 
standards of hearing people. If then he is given an adequate way of 
turning sound waves into sensory experience, this monitoring and the 
feedback it gives rise to will enable him to use his own voice so that 
it conforms to the canons of an adequate conversational tool. This 
has been our object in a series of experiments at MIT, in which we have 
tried to secure a. tactile reception of sound waves adequate for the un- 
derstanding of speech. 

The blind man’s cane is a feedback. It enables him to create dis- 
turbances by which he can scan the world around him. The design of 
better pieces of apparatus of this sort promises to mitigate greatly the 
lot of the blind, even as a similar ability almost assures us of the possi- 
bility to mitigate the lot of the deaf. 

There are, however, regions and important regions in which we are 
all deaf and blind. The horror of walking through an atom-bombed city 
is that one may kill oneself without hurting oneself. The Geiger counter 
is a great tool to prevent this, if we have the presence of mind to look at 
it, but a Geiger counter alone will never have the compelling force of 
the searing pain of ordinary low-temperature fire. Any adequate 
Geiger counter to be carried by those whose occupation may at any 
time expose them to the peril of nuclear radiation, should not merely 
follow the radiation in a visible scale or by audible clicks. When the 
radioactive level goes beyond a certain point, it should hurt the person 
carrying it definitively and sharply. Similarly, if we could only make 
the incipient stages of cancer or of heart disease desperately painful, we 
should go far to eliminate them from the list of killers. They are painful 
enough indeed when they are thoroughly established, but this is gen- 
erally not until the cancer has metastasized into large regions of vital 
tissue, or until the life of the coronary patient hangs on, on one or two 
patent arteries. Thus with all the power that we now possess, the 
body corporeal does not possess an adequate homeostasis for all its 
needs. Even less does the body politic. 

The body politic is not without homeostasis, or at least the intention 
of having homeostasis. This is what we mean, for example, by calling 
the Constitution of the United States ‘‘a Constitution of checks and 
balances.” It is our intention that the administration serve as a 
protection against any inordinate assumption of power on the part of 
the Legislature, and that the Legislature watch jealously over any 
incursions of the Executive into its own particular realm, while the 
Judiciary should observe the action of both and see that they conform 
to national traditions... I have said, ‘‘national traditions.’’ There is the 
rub. On the one hand, we do not wish to be bound forever to decisions 
made in the past, under what were perhaps irrelevant circumstances. 


68 SCIENCE AND TomMorROW [J. F. 1. 


On the other hand, national traditions will not function without a 
certain minimum of historical consciousness and sagacity on the part 
of the population at large. We are very sensitive about a policy which 
will lead to great unemployment or to great poverty, provided we may 
expect this policy to come to ripeness within our own time. On the 
other hand, as the history of the slogan, ‘‘Peace in our time,’’ has shown, 
we are not very sensitive to a future catastrophe, however certain we 
are that it will arise to plague our children when we are laid in our graves. 
The future is terribly unreal to the majority of us. And how shall it 
not be, when the past is equally unreal to us? 

The continuity with the past which belongs to the older settled 
regions of Europe and to a lesser but a very real extent to the older 
settled regions of the United States, is dependent not only on an ac- 
quaintance with written history, but with the continual presence of 
the houses, the roads, the farms and the cities established by past 
generations, and with a familiarity with the mode of life which developed 
them. When a Yankee basketmaker will show you in his shed the tools 
which his great grandfather forged from bog iron and which he learned 
to use after the custom of the Indian to split the annual rings of the, 
red ash and make his splints, he will do so with a guileless sense of the 
contemporaneity of the past, which is very far removed from the pride 
of the New England aristocrat in his genealogy. His past lies in his 
barn with its bins, its tools and its baskets; and if his thoughts carry 
him back to a time when the roads were just emerging out of the Indian 
trails, and the mode of life of the white man was subject to continual 
borrowing from that of the red man, his thoughts will also carry him 
forward to at least some crude consideration of the time when his 
children’s children will plow his land and make his baskets. To sucha 
man, the possibility of a stabilizing mechanism is present, and he will 
have a real reaction to it, for otherwise his house will become an empty 
cellar-hole, and his land the possession of a stranger. This is for him a 
death beyond death, in a very real and present sense. 

However, in the great cities, or in the esoteric hot house civilization 
of Southern California, where a man’s parents lie in the soil of Iowa or 
Nebraska, and a man’s neighbors are pursuing their purposes in life 
without any reference to his own, it is useless to ask that he should re- 
gard his own grandchildren as anything but slightly modified sorts of 
strangers. The span of social memory which is needed for the homeo- 
static action of an historical sense is too great for transients and squat- 
ters. Yet without this span, the regions which have been built out of 
the desert and the burnt hillsides in a magnificient defiance of nature, 
represent far too much of a defiance of nature to possess the elements 
necessary for their continued existence. To respect the future, we must 
be aware of the past; and if the regions where that awareness of the 
past is real have shrunken down to a pin point on our vast map, then so 
much the worse for us and our children, and our children’s children. 


